One of the aims of next generation optical interferometric instrumentation is to be able to make use of information contained in the visibility phase to construct high dynamic range images.
INTRODUCTION
An ideal interferometer will measure the complex visibility of an astronomical object. Image reconstruction deals with inverting the visibility information into an image, given poor Fourier plane sampling and limited phase information.
In an array of N telescopes, signals are combined in 1 2 × N × (N-1) pairs or baselines to obtain 1 2 × N × (N-1) measurements called complex visibilities. These visibilities are related to the object brightness distribution via the van Cittert-Zernike theorem:
I(x, y) exp[−2 π i (ux + vy)]dx dy where x and y are angular displacements on the plane of the sky with the phase center as origin, I(x,y) is the brightness distribution of the target and u and v are the position vectors of the baselines projected on a plane perpendicular to the source direction, which together define the uv plane. In practical terms, the better the sampling of the uv plane in terms of baseline length, position angle, and number of measurements, the more faithful the reconstructed image will be relative to the true brightness distribution.
Radio-type observations are performed by measuring the amplitudes (modulus) and the phases (argument) of the complex visibilities:
Image reconstruction using the modulus and argument of the visibility function is called phase referencing image reconstruction and is widely used in radio astronomy. Studies of this type were previously attempted by Masoni (2006) , Masoni et al. (2005) and Weigelt et al. (2008; private communication) .
ARRAY CONFIGURATION
Telescope configurations are an essential part of the image reconstruction process. We began by identifying array configurations that allowed the most uniform uv coverage: • 4 UTs × 1 night -the chosen configuration when observing very faint sources (Fig. 1) ;
• 4 ATs × 3 nights -the case where there is a small number of telescopes (Fig. 2) ;
• 6 ATs × 1 night -a 6 telescope extended configuration with one night observation; has less uv points than the 4 AT x 3 nights configuration but comparable uv coverage ( Fig. 3) . 
NOISE MODEL
The noise model estimates the uncertainties on the visibility amplitudes and phases assuming an instrument following a multi-axial recombination scheme with a fringe tracker (FT; Jocou et al. 2007 ).
The quantity we procure is the total number of detected photoevents per integration time per pixel per baseline in the interferometric channel:
where f is the fraction of the beam that gores into the interferometric channel (90%), N pix is the number of pixels needed to read the interferometric channel (600), N base is the number of baselines and N total is the total number of detected photevents per integration time per pixel in all channels:
Here F 0 is the photon flux of a zeroth magnitude star (Jocou et al. 2007) , mag is the object magnitude in the observing band, t int is the integration time, N tel is the number of telescopes (6 or 4), R is the radius of the telescopes (4.1 for UTs and 0.9 for ATs) assumed for simplification to have no central hole, ∆λ is the spectral bandwidth (chosen), trans is the total instrument transmission including quantum efficiency (Jocou et al. 2007) , and Strehl is the Strehl ratio and depends on wavelength (Jocou et al. 2007) .
Therefore, the total number of detected photevents in the interferometric channel is:
where N int is the number of independent integrations (depends on magnitude and FT presence).
The object intrinsic visibility, V , must be corrected for the instrumental visibility loss (80%) and the instrumental visibility loss induced by the FT (90%). The correlated flux per baseline is therefore:
and finally the error in visibility is given by:
where σ os the readout noise of the detector (15 e-).
UVFITS FILE GENERATION
UVFITS is the file format in which radio astronomical data are written and used for phase referencing image reconstruction. UVFITS format is designed so that different categories of information are stored in distinct tables within a file and can be cross-referenced one to another. Each UVFITS file table stores specific parameters that include important interferometric observables and system information.
Key science images were generated and provided by the science case groups (Garcia et al. 2007 ). Using aspro, an image simulation tool originally created for IRAM, and the configurations above, K band "images" of the sources were created assuming that all sources were observed at the fixed declination of −60 degrees.
It was assumed also that during the night, the telescope configurations would remain fixed and that one calibrated uv point per baseline should be obtained every hour. The actual on-source integration time is, however, 10-15 minutes per hour due to overheads. The total integration time assumes an entire transit (9 hours).
PHASE REFERENCING THEORY
A radio interferometer works by phase referencing. The interferometer observes a science target and records the visibility modulus and phase for each baseline. It also observes a reference target used to calibrate the visibility modulus and phase for atmospheric variations. Therefore, as opposed to conventional optical interferometry, phase referencing makes use of crucial information contained in the phases to recover the brightness distribution of a source. Given an incoherent source, the observed brightness distribution in a direction s is given by:
where PSF(x,y) is the instrumental point spread function, I true (x,y) is the true object brightness distribution, N(x,y) is the noise and the asterisk denotes convolution.
In practice, interferometry does not make measurements in the image plane but in Fourier space. The relevant quantity is called the complex visibility and is measured at each uv point, the position vector of the baseline on a plane perpendicular to the source direction:
where S (u,v) , the sampling function, is the Fourier transform of the PSF(x,y), V true (x,y), the true visibility, is the Fourier transform of the true brightness distribution I true (x,y) and N'(u,v) is the noise in the Fourier space.
The van Cittert-Zernike theorem states that the true brightness distribution can be obtained by the inverse Fourier transform and deconvolution of the observables:
The role of image reconstruction is to obtain the best approximation, I aprox (x,y) ∼ I obs (x,y) ∼ I true (x,y) , to the true brightness distribution.
In radio-like phase referencing image reconstruction, the data are gridded, interpolated and inverse Fourier transformed to yield a model representation of the sky:
where I dirty (x, y) is called the dirty map and P SF dirty (x, y) is called the dirty beam.
The NRAO Astronomical Image Processing System (aips), is a baseline-based reconstruction method used in radio interferometry. The UVFILES generated by aspro were imported into aips. We have tested the results using the clean algorithm (Högbom 1974) , which corrects for the effect of poor Fourier plane sampling. clean grids, Fourier transforms and deconvolves the dirty beam from the dirty image in an iterative fashion given an initial guess for the beam and the brightness distribution. clean then finds peaks in the residual image and subtracts δ functions of the appropriate strength at those positions. The final map is a convolution of all the δ functions with a clean beam plus the residual map.
IMAGE ANALYSIS
In order to compare the reconstructed with the synthetic images, aspro was used to generate the point spread functions (PSF) for the 6 AT × 1 night, 4 AT × 3 nights and 4 UT × 1 night configurations (Table 1) . The synthetic images were then convolved with a Gaussian of the measured PSF parameters (iraf program gauss). Relative astrometry information was obtained for the images using ds9. Photometry of the image components was performed using iraf procedure phot. SN R is the ratio of the mean pixel value to the standard deviation meansured on the reconstructed images. Figure 5 . A low mass evolved star system with an outflow, 0.1 mas/pixel sampling; convolved image, 4 AT × 3 nights configuration, 0.5 mas/pixel sampling, 3.51 mas FWHM resolution; aips reconstruction 4 AT × 3 nights configuration, 0.1 mas/pixel sampling; convolved image, 6 AT × 1 night configuration, 0.5 mas/pixel sampling, 5.17 mas FWHM resolution; aips reconstruction 6 AT × 1 night configuration, 0.1 mas/pixel sampling. 
PHASE REFERENCING IMAGE RECONSTRUCTION

DISCUSSION
If we compare the reconstructed images with the convolved images, we see that the phase referencing image reconstruction has yielded good results. Most of the flux is recovered in the individual image elements and the Figure 10 . A simulated stellar surface of the structure of inner disks surrounding YSOs, 0.1 mas/pixel sampling; convolved image, 4 UT × 1 night configuration, 0.5 mas/pixel sampling, 4.45 mas FWHM resolution; aips reconstruction 4 UT × 1 night configuration, 0.1 mas/pixel sampling; convolved image, 4 AT × 3 nights configuration, 0.5 mas/pixel sampling, 3.51 mas FWHM resolution; aips reconstruction 4 AT × 3 nights configuration, 0.1 mas/pixel sampling; convolved image, 6 AT × 1 night configuration, 0.5 mas/pixel sampling, 5.17 mas FWHM resolution; aips reconstruction 6 AT × 1 night configuration, 0.1 mas/pixel sampling.
astrometry is excellent. A clear example of this is the reconstructed stellar surface images. Most of the flux is recovered in a compact region and careful inspection of the reconstructed images shows correspondence with individual brightness regions in the convolved image. The edges of the stellar surface are also well reproduced.
For an array of N telescopes, the total number of measurements per observing night per integration point (moduli plus phase over each baseline) in phase referencing is N × (N − 1) compared to (N −1) 2 × ( 3 2 N − 2) closure phases plus squared visibilities in conventional phase closure techniques. As an example, when N = 4, there are 6 measured parameters for phase closure observations and 12 for phase referencing. Therefore, phase referenced reconstructed images should theoretically be more rigorous.
OBSERVABLE OBJECTS
In order to perform real time phase referencing observations, it is necessary to have a phase reference source no more than 30" away from the target source. For larger distances, the atmospheric pistons become distinct and the calibration incorrect.
Among the science cases presented, the most crucial in terms of number of phase reference candidates are the AGN, due to their large distances and therefore their K band faintness. We have attempted to quantify the number of AGN for which phase reference imaging is possible by using the Véron-Cetty & Véron (2006) catalog which contains AGNs, QSOs and BL Lac objects. Firstly, we constrained the science targets to those visible to the VLTI: targets were chosen to be between +20 and −90 degree declination. We then searched the 2MASS point source catalog for a nearby (less than 30" from the science target) bright star suitable for both AO wavefront sensing and fringe tracking (i.e., star mangitudes K <10, R <16). Science targets are listed in Table 7 .
We have also investigated the number of phase reference targets available from a series of stellar catalogs. No trimming of objects for observability (southern hemisphere or target magnitude) was done. The following catalogs were searched: the de Winter et al. (2001) 2002) catalog of pre-main-sequence stars in the Orion Trapezium cluster. We have searched for appropriate phase reference 2MASS point sources with K band magnitudes between 9 and 11 less then 30" away from the targets. The results are presented in Table 8 and highlight the potencial of phase reference imaging.
CONCLUSIONS
Theoretically it is found that phase reference image reconstruction should yield more rigourous images than the classical phase closure method used in optical interferometry, not only because longer integrations times are allowed, but also because the former method measures information related to the visibility phase.
We wished to explore the potential of phase referencing in optical interferometry. We have generated simulated, noise visbility amplitudes and phases using the VLTI as a template and reconstructed images with the classic radio interferometry algorithm clean contained in the aips package. Our results show that with this method we will be able to reconstruct images of diverse sources with a spatial resolution of about 4 milliarcseconds in K band.
We have also compiled a list of target sources for which optical phase referencing is possible and found several hundred candidates. 
